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High-density microarrays can screen thousands of genetic and chemical probes at once in a 
miniaturized and parallelized manner, and thus are a cost-effective alternative to microwell 
plates. Here, high-density cell microarrays are fabricated by creating superhydrophilic–
superhydrophobic micropatterns in thin, nanoporous polymer substrates such that the 
superhydrophobic barriers confine both aqueous solutions and adherent cells within each 
superhydrophilic microspot. The superhydrophobic barriers confine and prevent the mixing of 
larger droplet volumes, and also control the spreading of droplets independent of the volume, 
minimizing the variability that arises due to different liquid and surface properties. Using a 
novel liposomal transfection reagent, ScreenFect®A, the method of reverse cell transfection is 
optimized on the patterned substrates and several factors that affect transfection efficiency 
and cytotoxicity are identified. Higher levels of transfection are achieved on HOOC- versus 
NH2-functionalized superhydrophilic spots, as well as when gelatin and fibronectin are added 
to the transfection mixture, while minimizing the amount of transfection reagent improves cell 
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viability. Almost no diffusion of the printed transfection mixtures to the neighboring 
microspots is detected. Thus, superhydrophilic–superhydrophobic patterned surfaces can be 
used as cell microarrays and for optimizing reverse cell transfection conditions before 
performing further cell screenings. 
 
1. Introduction 
Gene expression analysis through overexpression and knockdown studies is a powerful tool to 
help identify the unknown functions of genes and proteins and their role in biological 
pathways.[1–6] This information could be used to elucidate genetic determinants of diseases 
and potential therapies.[7–9] Screening of gene libraries can be performed using microtiter 
plates, but that can require large amounts of costly reagents and materials. High-density cell 
microarrays offer a cost-effective alternative by being able to screen thousands of probes at 
once in a miniaturized and parallelized manner.[10–20] 
 Liposomal reagents are often used to transfect cells when performing genetic screens; 
however, their efficiency can be highly dependent on factors such as the cell type and the 
nucleic acid to be delivered into the cell and they can also cause high cytotoxicity. Recently, 
several groups including ours used combinatorial chemistry to create libraries of cationic 
lipid-like molecules, with the aim of synthesizing efficient and non-toxic transfection reagents 
and to ultimately understand the structure–function relationship.[21–26] This could lead to a 
better understanding of the mechanisms of transfection, which are still not fully understood, 
and subsequently to the rational design of transfection reagents tailored to specific cell types 
or to the nucleic acids to be delivered. 
 To be able to screen the lipid libraries in an efficient and economical way, we aim to 
use the method of high-density reversely transfected cell microarrays to screen thousands of 
lipids at once while using fewer reagents and consumables.[27] A super-dense transfected cell 
microarray was previously reported in the literature where transfection mixtures were printed 
onto a glass substrate grafted with poly(ethylene glycol) such that the spots were 50 μm in 
diameter and 150 μm in pitch.[13] However, only one to four HeLa cells were reported to 
adhere to each spot, and only about 65% of spots were confirmed to show successful 
transfection while transfection failed to be detected in about 35% of spots. The low number of 
cells per spot and the deficiency in the percentage of spots where transfection can be detected 
could result in low statistical significance and high variability of the experimental data. To 
address these issues, in this work we used superhydrophilic–superhydrophobic micropatterned 
  
3 
 
polymer substrates due to the ability of the superhydrophobic barriers to confine both the 
printed transfection mixtures and the seeded cells within each superhydrophilic spot (Figure 
1). These patterned substrates can have an ultra high-density of spots while still allowing a 
statistically significant number of cells per spot, which is not as easily achieved when using 
uncoated glass slides that are often used for cell microarrays.[14,15,20,27–30] 
 We used a Scienion sciFLEXARRAYER S11 non-contact piezoelectric dispenser with 
drop volume detection to be able to accurately and precisely (<3 µm x,y precision) print 
solutions into individual superhydrophilic spots without touching the surface. Unlike other 
instruments typically used to print solutions on surfaces, such as microarrayers, the 
piezoelectric dispenser does not contact or damage the surface and the volume printed can be 
easily controlled, whereas the volume delivered by microarray pins can vary depending on the 
pin type, solution properties, and surface properties.[31] 
 We chose a novel liposomal transfection reagent, ScreenFect®A, as a model for the 
other lipid-based reagents and tested whether the method of reverse transfection would work 
with the newly synthesized lipids on the patterned polymer substrates.[25] Then, we identified 
several variables in our system that affected transfection and determined how to improve the 
transfection efficiency while minimizing cytotoxicity. Variables such as the printing and 
drying conditions, the cell seeding density, the cell incubation time, the surface chemistry of 
the superhydrophilic spot, the concentration of plasmid DNA in the mixture, the ratio of 
plasmid DNA to transfection reagent, the dilution buffer used, and the inclusion of gelatin and 
fibronectin in the mixture were all important factors for successful transfection. 
 We demonstrate that the superhydrophilic–superhydrophobic micropatterned surfaces 
can be used as high-density transfected cell microarrays to identify efficient transfection 
reagents and to optimize the transfection conditions for a particular experimental setup before 
performing further genetic screens. 
 
2. Results and Discussion 
2.1. Comparison of the Drop Volume and Spot Area of Mixtures Printed on the 
Patterned Surfaces Versus Uncoated Glass 
To maximize the number of samples that can be tested on a single patterned substrate, we 
wanted to achieve a high-density array of printed spots. In this work, a pattern size of 335 × 
335 μm2 hydrophilic squares separated by 60 µm hydrophobic barriers (hereafter referred to 
as 335-60 µm) was used, which resulted in approximately 6000 useable spots per slide and 
each spot was within the field of view of a 20× microscope objective (Figure 1A). To 
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compare the spot density that can be achieved on the patterned surfaces versus a standard 
glass slide, increasing volumes of a transfection mixture containing fluorescent Rhodamine 
6G dye for visualization were printed onto a 335-60 μm superhydrophilic–superhydrophobic 
pattern and onto an uncoated glass slide at a spot pitch of 395 μm. At least 20 nl of the 
mixture could be dispensed into a single 335 × 335 μm2 hydrophilic spot before the drop 
mixed with the adjacent drops in the neighboring spots (Figure 2A), whereas the 5 nl drops 
already began to touch when printed onto the uncoated glass slide and completely merged at 
volumes above 5 nl (Figure 2B). At least 100 nl of mixture could be contained within a single 
335 × 335 μm2 hydrophilic spot when dispensing into every other hydrophilic spot (ESI, 
Figure S1). These results demonstrate that when printing more than 5 nl/spot, the patterned 
surfaces allow for a much higher spot density than an uncoated glass slide. 
 To facilitate experimental reproducibility for reverse cell transfection, it is important 
to control the spot size of the printed mixture so that the amount of transfection mixture per 
unit area is comparable from one printed spot to another. The area of each 5 nl spot printed in 
a 5×5 array onto a 335-60 μm superhydrophilic–superhydrophobic pattern and onto an 
uncoated glass slide was measured after drying based on the fluorescence of the Rhodamine 
6G dye contained in the transfection mixture (Figure 2). The mean spot area of the 5 nl drops 
was 0.109 ± 0.003 mm2 (SD) on the patterned surface and 0.116 ± 0.004 mm2 (SD) on the 
glass surface, and the coefficient of variation (ratio of SD to mean) was calculated to be 
2.90% and 3.55%, respectively. 
 Although the low coefficients of variation demonstrate the low variability of the spot 
areas on both surfaces, one advantage was that the patterned surfaces showed a homogeneous 
fluorescence signal in each printed hydrophilic spot whereas the fluorescence signal on the 
uncoated glass slide was mostly concentrated at a single location as indicated by the high 
intensity fluorescence signal in each spot (Figure 2, note the difference in exposure times). 
This suggests that solutions printed on the patterned surfaces could be distributed more 
homogeneously within the spot due to spreading of the drops within the hydrophilic areas and 
pinning at the edges of the hydrophilic–hydrophobic pattern, as well as slow drying from the 
whole surface of the drop in high humidity conditions. For example, a 20 nl drop took 
approximately 10 min to evaporate at 95% RH. On an uncoated glass surface, a drop is not 
pinned at the edges and as the drop dries from the edges inward the diameter shrinks and can 
result in a higher concentration in the centre (cf. Figure 2B). However, we noticed that 
Rhodamine 6G dye mixed with the transfection mixture resulted in more homogeneously 
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dried spots versus just the dye mixed with water, probably due to the presence of gelatin and 
sucrose in the transfection mixture. 
 Another advantage of using the patterned surfaces as arrays is the control of the 
printed spot size even with varying drop volumes, whereas on an uncoated glass slide the 
printed spot size depends on the drop volume as well as on the properties of the printed 
solution such as viscosity and surface tension due to uncontrolled spreading of the drop on the 
surface. The mean spot area did not change significantly (p value = 0.0779) when printing a 
larger volume of 10 nl (0.108 ± 0.002 mm2) compared with 5 nl (0.109 ± 0.003 mm2) on the 
same patterned surface, demonstrating that even with increasing drop volumes the spot area 
remains constant (Figure 2A). 
 
2.2. Confinement of Adherent Cells Within the Superhydrophilic Spots by the 
Superhydrophobic Barriers 
We have demonstrated that solutions can be printed and confined within each individual 
hydrophilic spot. Next, we show that the superhydrophobic barriers can confine adherent cells 
within each hydrophilic spot, thus allowing us to use the patterned surfaces as high-density 
cell microarrays. HEK 293 cells and HeLa cells were seeded and cultured on 335-60 µm 
superhydrophilic–superhydrophobic patterned surfaces for 2 days without any additional 
medium exchange or washing steps. Optimal seeding densities of 35,000 cells cm−2 for HEK 
293 cells and 30,000 cells cm−2 for HeLa cells were consistently used to ensure a high cell 
density after 2 days of culture. Figure 3A,B shows that cells preferentially adhered and grew 
in the hydrophilic spots as opposed to the superhydrophobic barriers. The number of cells 
occupying the superhydrophilic and superhydrophobic regions was counted and normalized to 
the surface area. No HEK 293 cells and only 1.6% of HeLa cells occupied the 
superhydrophobic barriers. This was an improvement compared to our previously published 
results using a different superhydrophilic–superhydrophobic patterned surface (briefly 
described below) where we quantified 13% of HEK 293 cells on the superhydrophobic 
barriers.[12] 
 We previously demonstrated the ability of superhydrophobic surfaces in the Cassie–
Baxter state to minimize cell adhesion and migration due to air trapped within the porous, 
superhydrophobic polymer layer and at the interface between the polymer layer and aqueous 
medium.[12] For those experiments, we used the method of UV-initiated photografting to 
fabricate the superhydrophilic–superhydrophobic patterned surfaces. In this work, we used a 
method recently developed in our group based on a thiol-yne photoclick reaction to fabricate 
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the superhydrophilic–superhydrophobic patterned surfaces.[30] The thiol-yne click 
photopatterning method is much faster (1 min versus 30 min of UV irradiation), more 
versatile and reliable, and has a higher patterning resolution than our previously used 
photografting method. Therefore, we used this method to fabricate the patterned surfaces in 
this work and in addition the superhydrophobic barriers showed improved efficiency at 
inhibiting cell adhesion and cell migration between the superhydrophilic spots. 
 
2.3. Minimal Cross-contamination of Transfection Mixtures Between the Neighboring 
Hydrophilic Spots 
In order for the patterned surfaces to be a useful tool for cell screening and an improvement 
upon conventional transfected cell arrays on glass slides, we wanted to be sure that the 
separation of the hydrophilic spots by only 60 µm would not result in high levels of cross-
contamination of the printed transfection mixtures between the neighboring spots. To test this, 
we printed two different transfection mixtures in a checkerboard pattern with either 1.5 ng of 
pCS2+-GFP or pCS2+-mCherry plasmid with Lipofectamine® 2000, and 20 ng of gelatin and 
5 ng of fibronectin per spot (Figure 3C). We defined the percentage of cross-contamination as 
the ratio of foreign cells (i.e. expressing the reporter gene that was not printed in that spot) to 
the total number of cells per spot, and it was calculated to be only 0.26% on average when 
HEK 293 cells were cultured on the array for 2 days. This indicates that diffusion of the 
lipoplexes across the 60 µm superhydrophobic barriers to the neighboring spots is minimal 
and close-packing of the spots on the patterned substrates does not compromise the 
transfection results. 
 
2.4. Influence of the Surface Chemistry of the Hydrophilic Spot on Reverse Transfection 
It has been shown in the literature that surface charge and hydrophilicity influence the 
immobilization of lipoplexes on the surface and consequently cell transfection.[32] It has also 
been demonstrated that the immobilization and slow release of DNA complexes from a 
surface resulted in improved and sustained transfection compared to delivery of the DNA 
complexes to the media.[33] Therefore, we hypothesized that there would be an interaction 
between the charged lipoplexes and the surface chemistry of our patterned polymer surfaces, 
which in turn could influence transfection efficiency. 
 Initially, cysteamine-modified (NH2) patterned surfaces were used and low levels of 
reverse transfection for all of the mixtures tested was observed, attaining a maximum 
transfection efficiency of 15% with HEK 293 cells but a 28% decrease in cell number in 
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comparison to blank spots (ESI, Figure S2, Table S1). Therefore, microspots modified with 
3-mercaptopropionic acid (HOOC) were also tested, which resulted in an increase in 
transfection efficiency for 25 of the 26 mixtures tested while the average number of cells 
growing in each spot was comparable for both surfaces (Figure 4, ESI Table S2). Thus, 
HOOC-modified surfaces were found to enhance reverse transfection compared to NH2-
modified surfaces. 
 
2.5. Influence of the Inclusion of Gelatin and Fibronectin on Reverse Transfection 
Molecules or protein mixtures that promote cell adhesion, such as gelatin, fibronectin, and 
Matrigel, are often included in transfection mixtures when using glass substrates for cell 
microarrays.[14,15,18] These molecules are added to promote cell adhesion and growth only in 
the area of the printed spots since there is nothing to prevent the cells from migrating between 
the spots on a standard glass substrate. The inclusion of a matrix such as gelatin was also 
demonstrated to help maintain the spot integrity of a printed transfection mixture after drying 
and to increase the transfection efficiency.[10] Even though the superhydrophobic barriers on 
the patterned surfaces are sufficient for confining cells within each microspot, we tested 
whether the inclusion of gelatin and fibronectin was still necessary for reverse transfection. 
 Using HOOC-patterned surfaces, 1.9 ng of pCS2+-H2B-YFP pDNA mixed at a ratio 
of either 0.375 or 0.1875 µg pDNA:µl ScreenFect®A using different dilution buffers (Opti-
MEM®, ScreenFect® dilution buffer, or 200 mM pH 5.0 NaOAc) was printed per hydrophilic 
spot. The transfection mixtures were printed with either no gelatin/fibronectin or with 20 
ng/spot of gelatin and 5 ng/spot of fibronectin. Very low levels of transfection (0–8%) 
occurred when no gelatin/fibronectin was added to the mixtures, whereas the inclusion of 
gelatin as well as fibronectin enhanced the transfection efficiency for all conditions with HEK 
293 cells (Figure 4A). For example, at a condition of 1.9 ng/spot of pCS2+-H2B-YFP pDNA 
mixed at a ratio of 0.375 µg pDNA:µl ScreenFect®A using 200 mM NaOAc as the dilution 
buffer, the mean transfection efficiency increased 13-fold from 2% to 27% just by adding 20 
ng/spot of gelatin and 5 ng/spot of fibronectin. The inclusion of gelatin and fibronectin also 
increased the transfection efficiency when Lipofectamine® 2000 was used as the transfection 
reagent (ESI, Figure S3). HEK 293 cells were cultured for 2 days on HOOC-modified 
superhydrophilic spots printed with 1.5 ng of pCS2+-H2B-YFP plasmid mixed with 
Lipofectamine® 2000 diluted in Opti-MEM®, 20 ng of gelatin, and 5 ng of fibronectin. The 
mean transfection efficiency and number of cells per spot was 27 ± 9% and 328 ± 49, 
respectively. 
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 The increase in transfection efficiency when gelatin and fibronectin were added to the 
mixtures could have been due to encapsulation and maintenance of the integrity of the 
lipoplexes on the surface after drying by the viscous nature of gelatin. In addition, the need to 
include cell adhesion molecules such as gelatin/fibronectin could be to promote cell–surface 
interactions for more efficient uptake of the lipoplexes into the cell. The role that cell 
adhesion molecules play in cell–surface interactions is known to promote adhesion to the 
substrate by increasing anchoring to the surface and delaying rear-retraction, which can slow 
down migration or immobilize cells.[34] This can lead to cells that are more spread on the 
surface, which has also been shown to increase transfection.[35] 
 
2.6. Influence of the pDNA Concentration, the Ratio of pDNA to Transfection Reagent, 
and the Dilution Buffer on Reverse Transfection 
The ratio of nucleic acid to liposomal transfection reagent can influence the surface charge 
and size of the formed lipoplexes, which in turn affects cellular uptake, and could thus be an 
important factor that determines transfection efficiency and toxicity.[26,36,37] In addition, 
protonation of the amine head group of the lipid is thought to be an important factor for 
compacting the pDNA during lipoplex formation and promoting interaction with the cell 
surface, and it was previously demonstrated that lipoplexes with a positive zeta potential 
resulted in more efficient liquid phase transfection.[25] Therefore, we tested different buffers 
for diluting ScreenFect®A before complex formation with pDNA. Two ratios of 
pDNA:ScreenFect®A (0.375 and 0.1875 µg µl−1) were tested at two concentrations of pCS2+-
H2B-YFP pDNA per spot (1.9 and 2.1 ng) with the use of different dilution buffers in the 
mixture (Opti-MEM®, RPMI, 50 mM NaOAc SFDB, and 200 mM NaOAc) on HOOC-
patterned surfaces. 
 At 1.9 ng of pDNA per hydrophilic spot, reducing the ratio of plasmid DNA to 
ScreenFect®A from 0.375 to 0.1875 µg µl−1 resulted in an increase in transfection efficiency 
but a decrease in the mean number of cells per spot for all of the dilution buffers except 200 
mM NaOAc, ranging from a 29–47% decrease in the mean cell count per spot relative to a 
blank spot without anything printed (Figure 4A). When the amount of pDNA per spot was 
increased to 2.1 ng, the transfection efficiency slightly increased but did not significantly 
change between both pDNA:ScreenFect®A ratios for all of the dilution buffers except Opti-
MEM® (p = 0.006), and the mean number of cells per spot for the lower ratio of 0.1875 µg 
µl−1 decreased by only 5–25% compared to the blank spots (Figure 4B). Almost no 
transfection was observed when 1.5 ng/spot of pDNA or less was printed (data not shown). 
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Decreasing the ratio of pDNA to transfection reagent for a given amount of pDNA means that 
the relative amount of transfection reagent is increased, and this could have caused some 
cytotoxicity as indicated by the more drastic reduction in cell number for the lower 
pDNA:transfection reagent ratio and the presence of some cells with apoptotic bodies and 
condensed nuclei.  
 At 2.1 ng of pDNA per hydrophilic spot mixed at a ratio of 0.375 µg µl−1 with 
ScreenFect®A, there was no significant difference in the mean transfection efficiency (21–
24%) or the mean number of cells per spot (294–325) for all of the dilution buffers tested 
(Figure 4B). Since amines are weak bases, they can be protonated with all of the buffers used: 
the pH 5 NaOAc buffers as well as Opti-MEM® pH 7.1–7.4 and RPMI pH 7.0–7.4. These 
results suggest that all of the buffers tested in the transfection mixture for lipoplex formation 
were suitable for reverse transfection. 
 
3. Conclusion 
We demonstrated that superhydrophilic–superhydrophobic micropatterned surfaces are well 
suited for use as high-density cell microarrays due to the ability of the superhydrophobic 
barriers to confine both aqueous solutions and adherent cells within a single superhydrophilic 
microspot. The patterning method is based on thiol-yne click reactions and requires only 1 
min of UV irradiation, and can be used to functionalize surfaces with a wide range of small 
molecules bearing a thiol group. Compared to the previous method of UV-initiated 
photografting that we used for pattern fabrication, the thiol-yne click photopatterning method 
drastically reduced the procedure time, improved the sharpness and resolution of the patterns, 
and almost no HEK 293 or HeLa cells occupied the superhydrophobic barriers when cultured 
on the patterned surfaces for two days. A pattern size of 335 × 335 μm2 superhydrophilic 
squares separated by 60 µm-wide superhydrophobic barriers allowed for at least 6000 densely 
packed spots per slide. Droplets of up to 20 nl could be dispensed on each superhydrophilic 
microspot without merging of the neighboring droplets, whereas droplets above 5 nl on an 
uncoated glass slide started to merge and thus required at least a 6× lower spot density. The 
superhydrophobic barriers also controlled the spread area of the droplet and resulting 
concentration of substances, independent of the volume dispensed, thus reducing the 
experimental variability that could be caused by different liquid and surface properties. In 
addition, substances printed and then dried on the patterned surfaces showed a more 
homogeneous distribution than on uncoated glass slides.  
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 We also demonstrated the use of the superhydrophilic–superhydrophobic 
micropatterned surfaces as substrates for reverse cell transfection. We used a non-contact 
piezoelectric dispenser to accurately print a specified volume of transfection mixture onto 
each superhydrophilic spot. Using ScreenFect®A as a transfection reagent, we identified and 
optimized several variables in our system that affected the transfection efficiency and 
cytotoxicity when HEK 293 cells were cultured on the printed microarrays for two days. The 
major factors that affected the transfection results were the surface chemistry of the 
superhydrophilic spot, the inclusion of gelatin and fibronectin in the transfection mixture, and 
the ratio of pDNA to transfection reagent. Higher levels of transfection were achieved on 
HOOC- versus NH2-functionalized superhydrophilic spots, as well as when gelatin and 
fibronectin were added to the transfection mixture, while limiting the amount of transfection 
reagent improved cell viability. Other variables such as the printing and drying conditions, the 
cell seeding density, and the cell incubation time were also important factors for successful 
transfection. Almost no diffusion of the printed transfection mixtures to the neighboring 
microspots was detected, even for the high-density configuration. 
 These high-density cell microarrays could be further used to screen lipid libraries to 
identify the best transfection reagents for different cell types and nucleic acids, and to 
ultimately elucidate the structure–function relationship between the lipid design and 
successful cell transfection. The superhydrophilic–superhydrophobic patterned surfaces could 
also be adapted for the screening of other chemical libraries such as siRNAs or extracellular 
matrix molecules.[16,18,38,39] In addition, the ability to easily functionalize the surface with a 
variety of terminal thiol-containing molecules could also allow arrays of bioactive substances 
such as peptides to be created.[30] 
 
4. Experimental Section 
Fabricating the Superhydrophilic–Superhydrophobic Patterned Surfaces: UV-initiated 
polymerization was used to create a 12.5 µm-thin, nanoporous poly(2-hydroxyethyl 
methacrylate-co-ethylene dimethacrylate) (HEMA-EDMA) film on a Nexterion® glass B 
uncleaned slide (Cat. #1017698, Schott Technical Glass Solutions GmbH, Jena, Germany) 
based on a method that we previously published.[12,30] The only difference here was that we 
did not use tape to remove the top layer of the polymer film after polymerization. 
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 Next, the superhydrophilic–superhydrophobic micropattern was fabricated using a 
method recently developed in our group termed UV-initiated thiol-yne click photopatterning. 
This is a relatively simple and quick method for patterning any thiol-bearing molecule on a 
reactive alkyne surface using thiol-yne click chemistry. A comprehensive discussion about the 
method and characterization are provided in another paper.[30] To briefly describe the 
procedure, the HEMA-EDMA surface was first functionalized with alkyne groups by 
immersing the substrates in a dichloromethane solution (50 ml) containing 4-
(dimethylamino)pyridine (56 mg, Cat. #851055, Novabiochem®) and 4-pentynoic acid (111.6 
mg, Cat. # L09282, Alfa Aesar). N,N'-diisopropylcarbodiimide (180 µl, #A19292, Alfa 
Aesar) was then added and the solution was stirred for 4 h. After the esterification procedure, 
the substrate was rinsed with ethanol. 
 Lastly, the alkyne surface was functionalized with hydrophobic or hydrophilic thiols to 
create the micropatterned surface. In a dark room, a 1H,1H,2H,2H-perfluorodecanethiol (Cat. 
#660493, Sigma-Aldrich) solution (200 µl, 5% v/v in acetone) was pipetted onto the alkyne 
substrate, covered with a photomask, and then irradiated with 260 nm UV light at 6 mW cm−2 
for 1 min. The substrate was rinsed with acetone and dried before pipetting cysteamine 
hydrochloride (15 wt%, Cat. #A1546, AppliChem) or 3-mercaptopropionic acid (15% v/v, 
Cat. #M5801, Aldrich Chemistry) in a 1:1 water:ethanol solution (200 µl) on the surface. The 
substrate was covered with a fluorinated quartz slide, irradiated with 260 nm UV light at 6 
mW cm−2 for 1 min, and rinsed with ethanol. 
 
General Protocol for Making the Transfection Mixtures: pCS2+ expression vectors encoding 
for histone H2B fused with yellow fluorescent protein (H2B-YFP), green fluorescent protein 
(GFP), or mCherry fluorescent protein under the control of the simian cytomegalovirus IE94 
promoter were provided by the Institute of Toxicology and Genetics at Karlsruhe Institute of 
Technology. The plasmids were transformed in electrocompetent E. coli cells and purified 
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according to the QIAGEN Plasmid Maxi Kit (Cat. #12162, QIAGEN GmbH, Hilden, 
Germany). Plasmid DNA concentrations were measured using a NanoDrop ND-1000 
Spectrophotometer (Peqlab Biotechnologie GmbH, Erlangen, Germany). 
 All transfection mixtures were based on the following general protocol, with 
adjustments in the concentration or volume of the mixture components to obtain the various 
mixtures. Different dilution buffers were tested in the transfection mixtures: Opti-MEM® (Cat. 
#31985, Life Technologies GmbH), Roswell Park Memorial Institute (RPMI) 1640 medium 
(Cat. #21875, Life Technologies GmbH), NaOAc ScreenFect® dilution buffer (50 mM, SFDB, 
Incella GmbH), and NaOAc (200 mM). The sodium acetate (NaOAc) dilution buffers were pH 
5. 
 Dilution buffer containing sucrose (0.8 M, Cat. #4621.1, Carl Roth GmbH, Karlsruhe, 
Germany) was freshly prepared by dissolving the sucrose in a water bath at 37C and 
vortexing to mix well, and then filtered with a 0.45 m sterile syringe filter. The buffer–
sucrose solution (2.1 µl) was mixed into plasmid DNA (1.75 l, 1.2 g l−1 of pCS2+-H2B-
YFP, pCS2+-empty vector, pCS2+-GFP, or pCS2+-mCherry) in a PCR tube (Cat. #3741, 
Corning Life Sciences). In a separate PCR tube, additional buffer (4.12 µl) was mixed into 
ScreenFect®A (5.6 l, Cat. #S-3001, Incella GmbH, Eggenstein-Leopoldshafen, Germany) 
and incubated for 5 min at RT. The ScreenFect®A solution was mixed into the plasmid DNA 
solution and incubated for 20 min at RT. 
 When adding gelatin or fibronectin to the transfection mixture, a gelatin (Cat. #9391, 
Sigma-Aldrich Chemie GmbH, Munich, Germany) in water solution (1.4% w/v) was freshly 
prepared by dissolving the gelatin in a water bath at 37C and vortexed to mix well. The 
solution was filtered with a 0.45 m sterile syringe filter. The gelatin solution (1.43 l) and a 
human fibronectin (Cat. #354008, BD Biosciences) in water solution (5 l, 0.1% w/v) were 
mixed into the lipoplex solution. The mixtures were pipetted into a 384-well microarray/high 
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sample recovery plate (Cat. #X7022, Molecular Devices GmbH, Biberach an der Riss, 
Germany). When printed at 20 nl per spot, this transfection mixture resulted in 2.1 ng of 
pDNA at a ratio of 0.375 µg µl−1 pDNA:ScreenFect®A, 20 ng of gelatin, and 5 ng of 
fibronectin per spot. 
 For mixtures containing Lipofectamine® 2000 (Cat. #52758, Life Technologies 
GmbH) instead of ScreenFect®A as the transfection reagent, the ratio of DNA to 
Lipofectamine® 2000 was 0.429 µg µl−1. 
 
Printing Transfection Mixtures onto the Substrates: Mixtures were printed onto substrates 
using a sciFLEXARRAYER S11 non-contact piezoelectric dispenser and uncoated glass 
piezo dispense capillaries (PDC 80), both from Scienion AG (Berlin, Germany). Freshly de-
gassed and filtered MilliQ water was used as the system fluid. The printing chamber was 
maintained at 95% RH and the source plate was cooled to 12C to minimize evaporation of 
the mixtures. 20 nl of transfection mixture per hydrophilic spot was printed unless stated 
otherwise. After allowing the printed mixtures to become dry on the surface of the substrates 
in the humidified printing chamber, they were transferred to a sterile petri dish and stored for 
at least 2 days in a sealed box containing silica gel desiccant to ensure that the mixture within 
the polymer layer dried. 
 
Quantification of the Fluorescence Intensity and Spot Size of Printed Transfection Mixtures: 
5×5 arrays of 5, 10, 15, 20, and 25 nl of transfection mixture containing Rhodamine 6G dye 
(0.1 mg ml−1 final concentration) were printed at a pitch of 395 µm onto a 335-60 µm 
polyfluorodecanethiol–cysteamine pattern and a glass slide (Figure 2). Fluorescence images 
were obtained using a Keyence BZ-9000E fluorescence microscope (Keyence Deutschland 
GmbH, Neu-Isenburg, Germany). The exposure time was 0.01 s and 1 s for the fluorescence 
image of the 335-60 µm polyfluorodecanethiol–cysteamine patterned surface (Figure 2A) and 
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of the glass surface (Figure 2B), respectively. The fluorescence intensity in Figure 2 was 
quantified using the Plot Profile function in ImageJ (National Institutes of Health, USA). All 
graphs were plotted using Prism 4 software (GraphPad Software, La Jolla, CA). 
 The area of each 5 nl dried spot in Figure 2 was measured by adjusting the 
brightness/contrast and threshold of the 8-bit images, and then using the Analyze Particles 
function in ImageJ. An unpaired t test was performed to calculate the two-tailed P value to 
compare the mean area of the 5 nl and 10 nl spots printed onto the patterned surface. We note 
that some error in the calculation of the spot area is probably due to uneven illumination in the 
image from the microscope. 
 
Seeding and Culturing Cells on the Substrates: Human embryonic kidney (HEK 293) cells 
were provided by the Institute of Toxicology and Genetics at Karlsruhe Institute of 
Technology. Human cervical carcinoma (HeLa CCL2) cells were obtained from DSMZ 
GmbH (Braunschweig, Germany). Cells were cultured in Dulbecco’s Modified Eagle 
Medium (DMEM, Cat. #41965, Life Technologies GmbH, Darmstadt, Germany) 
supplemented with fetal bovine serum (10% v/v, Cat. #A15-151, PAA Laboratories) and 
penicillin-streptomycin (1% v/v, Cat. #15140, Life Technologies GmbH) in a humid 
incubator at 37°C with 5% CO2, and were passaged every 2–3 days. Cells were detached with 
HyClone™ HyQTase™ (Cat. #SV30030.01, Thermo Fisher Scientific, Schwerte, Germany) 
and counted using a Neubauer hemacytometer before seeding on slides. Slides were placed in 
one corner of a Nunc™ 4-well rectangular dish (Cat. #267061, Thermo Fisher Scientific). We 
recommend first pipetting medium (200 µl) in the well, and then placing the slide in the well 
and firmly pressing down with sterile tweezers to spread the medium under the slide. This 
will prevent the cell suspension from going under the slide and reduce variations in cell 
density on the slide surface. The cell suspension (10 ml) was slowly pipetted from one corner 
of the well and left undisturbed for 10 min before the dish was carefully moved into the 
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incubator. HEK 293 and HeLa CCL2 cells were seeded at 35,000 cells cm−2 and 30,000 cells 
cm−2, respectively, on the patterned substrates. For reverse cell transfection experiments, cells 
were cultured for two days on the microarrays. 
 
Fixing, Staining, and Coverslipping Cells on the Microarrays: 2 ml of medium was slowly 
aspirated from a corner of the rectangular well. A solution (2 ml) containing formaldehyde 
(18.5% v/v, 1:1 dilution of 37% stock solution, Cat. #104003, Merck Millipore, Darmstadt, 
Germany), Triton X-100 (0.5% v/v), and 4’,6-diamidino-2-phenylindole dihydrochloride 
(DAPI, 2.5 µg ml−1, 1:2000 dilution of 5 mg ml−1 stock, Cat. #D1306, Life Technologies 
GmbH) in Dulbecco's phosphate-buffered saline with calcium and magnesium (DPBS, Cat. 
#14040, Life Technologies GmbH) was slowly pipetted into the well for a final concentration 
of 3.7%, 0.1%, and 0.5 µg ml−1, respectively. After 15 min of incubation at RT, the slide was 
transferred to a 10 cm petri dish containing DPBS with calcium and magnesium (20 ml) and 
incubated for 5 min. The slide was mounted with Shandon Immu-Mount (Cat. #9990402, 
Thermo Fisher Scientific) and a #1 coverslip (Cat. #BB024060A1, Gerhard Menzel GmbH, 
Braunschweig, Germany). 
 
Quantification of the Cell Count and Transfection Efficiency: High-throughput imaging was 
performed using cell^R MT20E imaging hardware, an Olympus IX81 microscope, and 
scan^R software (Olympus Soft Imaging Solutions GmbH, Münster, Germany). Images were 
taken using a 20 objective such that the whole hydrophilic square was centred in the field of 
view. The total number of YFP-positive cells and the total number of DAPI-stained cells was 
counted using CellProfiler image analysis software (Broad Institute Imaging Platform, 
Cambridge, MA). The transfection efficiency was quantified as the ratio of transfected cells to 
DAPI-stained cells. Errors are given as standard deviation (SD). At least 6 replicates per slide 
and at least 2 slides were tested for each transfection mixture. 
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Figure 1. (A) Brightfield image of a 12.5 µm-thick nanoporous polymer patterned surface 
indicating the 335 × 335 µm2 superhydrophilic square regions separated by 60 µm-wide 
superhydrophobic barriers. The superhydrophilic squares were functionalized with either 
cysteamine or 3-mercaptopropionic acid, and the superhydrophobic barriers were 
functionalized with 1H,1H,2H,2H-perfluorodecanethiol. (B) Schematic showing the reverse 
transfection procedure using the patterned surfaces. Transfection mixtures were printed into 
individual superhydrophilic spots, which were contained by the superhydrophobic barriers, 
using a non-contact piezoelectric dispenser. The printed microarrays were dried for at least 2 
days before cells were seeded on the whole microarray. Cells adhered and grew within the 
superhydrophilic spots and were confined by the superhydrophobic barriers. Cell transfection 
was analyzed after culturing the cells for 2 days. 
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Figure 2. Each hydrophilic spot can be individually addressed with the dispensing device, and 
the hydrophobic barriers can confine large volumes within a single hydrophilic spot. 5×5 
arrays of 5, 10, 15, 20, and 25 nl of transfection mixture containing Rhodamine 6G dye (0.1 
mg ml−1 final concentration) were printed at a pitch of 395 µm onto a 335-60 µm 
polyfluorodecanethiol–cysteamine pattern (A) and a glass slide (B). The images show the 
droplets on the surfaces after printing, grayscale fluorescence image after drying, and 
fluorescence intensity profile plot along the white line. The exposure time was 0.01 s and 1 s 
for the fluorescence image of the patterned surface (A) and of the glass surface (B), 
respectively. The brightness and contrast of the images were enhanced for visualization. 
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Figure 3. The superhydrophobic barriers can confine adherent cells and transfection mixtures 
within a single hydrophilic spot. (A) HEK 293 cells seeded at 35,000 cells cm−2 and (B) HeLa 
cells seeded at 30,000 cells cm−2 were cultured on 335-60 μm polyfluorodecanethiol–
cysteamine patterned surfaces for 2 days, and then fixed and stained with the nuclear marker 
DAPI. The brightness and contrast of the images were enhanced for visualization. (C) 
Fluorescence and overlay of fluorescence images showing that cells transfected in a 
checkerboard pattern with either pCS2+-GFP or pCS2+-mCherry plasmid exhibited minimal 
cross-contamination between the neighboring spots. 
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Figure 4. Dependence of the transfection efficiency and the number of cells per spot on the 
ScreenFect®A ratio, the dilution buffer, the gelatin/fibronectin concentration, and the amount 
of pDNA on 3-mercaptopropionic acid-functionalized hydrophilic spots. The mean (SD) 
transfection efficiency (black bars) and the mean (SD) number of cells (white bars) per 
hydrophilic spot are shown for HEK 293 cells reversely transfected with either 1.9 ng (A) or 
2.1 ng (B) of pCS2+-H2B-YFP DNA per spot. Each spot was printed with pDNA mixed with 
ScreenFect®A at ratios of 0.375 µg µl−1 (top) or 0.1875 µg µl−1 (bottom), 20 ng of gelatin 
(Gel) and 5 ng of fibronectin (FN), and either Opti-MEM®, RPMI, 50 mM NaOAc, or 200 
mM NaOAc as the dilution buffer. Blank indicates spots without anything printed, 
control_GelFN indicates spots printed with only 20 ng of gelatin and 5 ng of fibronectin (no 
lipoplexes), and noGelFN indicates transfection mixtures without gelatin or fibronectin (only 
lipoplexes in the buffer indicated). (C) Brightfield and fluorescence images of reversely 
transfected HEK 293 cells within a 3-mercaptopropionic acid hydrophilic spot printed with 
2.1 ng of pCS2+-H2B-YFP DNA mixed with ScreenFect®A at a ratio of 0.375 µg µl−1 using 
RPMI as the buffer and 20 ng of gelatin and 5 ng of fibronectin. To quantify transfection 
efficiency, the YFP-positive cells (green outline) is calculated as a percentage of the total cell 
count by identifying the DAPI-positive cells (white outline). 
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